Plants within the genus Lilium are highly prized by horticulturists because of their outstanding fragrance, range of color, hardiness, and adaptability to varied environmental conditions. Lilies are cultivated commercially for cut fl owers or potted plants (Larson, 1992) , and for aesthetic purposes in the home garden (Hermes, 1986) . There are hundreds of lily species and hybrids available to horticulturists world-wide (Armitage, 1997) . For horticultural use, lilies had been divided into 10 divisions of closely related taxa and hybrids, including Asiatic, Martagon, Candidum, American, Longifl orum hybrids (L. longifl orum x Asiatic), Chinese Trumpet and Aurelian hybrids, Oriental, Orienpet hybrids (Chinese Trumpet and Aurelian hybrids x Oriental), True species and miscellaneous hybrids (hybrids not included in any of the other divisions) (McRae, 1998) . Asiatic, Oriental, Trumpet, Orienpet, Martagons, and Easter lily (L. longifl orum) are the most popular among avid lily fanciers (Armitage, 1997) .
Lilies are propagated vegetatively to preserve their genetic integrity (Armitage, 1997) . Propagules include bulb scales, division of plants and bulblets, or planting of bulbils. Because of slow propagation rates and the potential for transmission of diseases using traditional propagation techniques, tissue culture has been touted as a way to rapidly produce disease-free plants using bulb scales (Stimart et al., 1982 (Stimart et al., , 1983 , shoot apices (Mii et al., 1994) , or leaves (Kato and Yasutake, 1977; Niimi, 1986) . More recently, plants have been regenerated from thin cell layer explants derived from receptacle, leaf, and stem tissue of L. longifl orum (Nhut et al., 2001) . Most successful examples of in vitro regeneration of Lilium have been reported among L. longifl orum genotypes, with limited regeneration being reported for other popular Lilium species (Nhut et al., 2001) . The purpose of this study was to investigate the feasibility of regenerating bulblets in vitro from bulb scale explants of eight diverse Lilium genotypes using a single regeneration medium, and to determine if previously undocumented genotypes (L. 'Citronellaʼ, L. lancifolium 'Orange Starʼ, L. 'Stonesʼ, and L. 'Lovely Girlʼ) can be regenerated in vitro using standard techniques for lily. All outer scales and diseased or damaged scales were removed and discarded. Individual bulb scales were washed in warm water and the distal half of each scale discarded, leaving the proximal 1 to 1.5 cm in closest contact to the main stem. Trimmed scales were washed with soapy (Equate antibacterial soap) tap water until all loose soil particles were removed, and then rinsed in tap water, followed by a brief distilled water rinse. Washed bulb scale pieces were agitated in a 10% bleach solution (0.6% NaOCl plus 2 mL·L -1 Equate antibacterial soap) for 20 min, followed by three rinses with sterile distilled water.
Materials and Methods

Plant
Small (5 × 5 mm) explant cubes were prepared from the basal edge of disinfested bulb scales and cultured for 8 weeks in 15 × 125 mm culture tubes containing 15 mL of Lilium bulblet regeneration medium [Murashige and Skoog (1962) Kyte & Kleyn (1996) ]. Plant Preservative Mixture (Plant Cell Technology, Inc., Washington, D.C.) (2 mL·L -1 ) was added before adjusting the medium pH (5.7) and adding 4.5 g·L -1 AgarGel (Phytotechnology Laboratories, Shawnee Mission, Kans.). A single explant was cultured per vessel and all vessels incubated in darkness at 27 °C. Vessels were arranged in a completely randomized design with 20 replicates per genotype. The experiment was conducted twice.
Regeneration of bulblets in greenhouse conditions. A separate group of bulb scales were planted in the greenhouse at the same time that in vitro cultures were established. Twenty bulb scale halves (30 mm high × 20 mm wide) of each genotype were placed in 13.3 × 8.8 × 5.4 cm plastic containers containing soilless medium (Fafard No. 3) with the basal 1 to 1.5 cm placed below the surface of the medium. Propagules were arranged in a completely randomized design. The propagation medium was irrigated with tap water when dry to the touch.
Cold treatment of regenerated bulblets and transfer to the greenhouse. In vitro-and greenhouse-derived bulblets were transplanted to six-cell containers (13.3 × 8.8 cm plastic containers with six 82-cm 3 cells; COM-PACKS #806, Hummert Intl., Earth City, Mo.) fi lled with sphagnum peat moss and refrigerated at 5 °C in darkness for 4 weeks. Bulblets were irrigated with distilled water when dry to the touch. Refrigerated bulblets were sprouted in the greenhouse and observed for 5 months.
Data collection and statistical analysis. Data included the number and percentage of Associate Professor; to whom reprint requests should be addressed. E-mail: compton@uwplatt.edu explants that produced callus, the number and percentage of explants that formed bulblets, and the number of bulblets per responding explant 8 weeks after culture initiation, or onset of incubation in the greenhouse. Percentage data were analyzed using logistic regression and count data analyzed using Poisson regression (Mize et al., 1999) . Treatment means of percentage data were transformed using arc sin transformation before analysis, using Tukeyʼs Honestly Signifi cant Test (Tukeyʼs HSD). Count data (number of bulblets per responding explant) were transformed by adding 0.5 to each data value before performing square root transformation (Compton 1994 ) and analyzed using Tukeyʼs HSD. Transformed data were converted back to the original scale for presentation.
Results and Discussion
The percentage of explants producing bulblets and the number of bulblets per explant were similar among the sampling dates. Therefore, data for the two runs were pooled before analysis.
All eight genotypes tested produced callus with 'Lovely Girlʼ, L. speciosum var. rubrum, and 'Stargazerʼ being the most prolifi c ( Table  1) . The least prolifi c callus producers were L. pumilum and 'Stonesʼ, with fewer than 10% of explants producing calli. Callus formation frequencies observed in this study were similar to observations reported for other Lilium taxa (Godo and Mii, 2001 ). However, we observed that 9% to 34% of L. pumilum and L. lancifolium explants produced callus. In contrast, Pelkonen (1997) insinuated that L. pumilum and L. lancifolium explants were incapable of callus formation from any explant using similar pgr concentrations. Plant regeneration through adventitious shoot regeneration and somatic embryogenesis from callus or protoplast-derived callus has been demonstrated for several Lilium taxa (Nhut et al., 2001 ). However, due to the potential risk of chromosomal rearrangements and other mutations that commonly occur during regeneration from callus (Scowcroft, 1985 ; Veilleux and Johnson, 1998), we decided not to pursue indirect plant regeneration methods.
Explants from all eight genotypes produced bulblets in vitro (Table 1) . However, the response rate varied among genotypes. About 90% of 'Lovely Girlʼ, L. 'Citronellaʼ (Fig.  1A) , and L. speciosum var. rubrum explants produced bulblets. About 60% to 80% of bulb scale explants collected from L. lancifolium 'Orange Starʼ, L. lancifolium, L. pumilum, and 'Stargazerʼ regenerated bulblets, while fewer than 25% of 'Stonesʼ explants produced bulblets.
In general, the percentage of propagules that produced bulblets in vitro (67%) was greater than the amount produced by halved bulb scales in the greenhouse (47%) for six of the eight genotypes tested (P < 0.0001). For these genotypes, the percentage of responding propagules was one-third to 3.6-fold greater for in vitro explants compared to those incubated in soilless medium in the greenhouse. This is a signifi cant fi nding because twice as many propagules can be isolated from a single bulb scale for in vitro culture compared to traditional macropropagation procedures. There were two species for which greenhouse propagation was more effi cient than in vitro production. Bulb scale propagules isolated from 'Stonesʼ responded more efficiently (85%) when incubated in the greenhouse compared to in vitro regeneration (22%). The percentage of propagules that produced bulblets was equally effi cient for L. pumilum regardless of the propagation environment.
The number of bulblets per responding explant in vitro ranged from 2.3 (L. lancifolium) to 5.2 (Table 1) . Although the number of bulblets per explant was highest for L. 'Stonesʼ, the percentage of responding explants was low (22%) for this genotype. Therefore, L. 'Stonesʼ should not be considered a genotype with exceptional competence for bulblet regeneration. Among genotypes with a high response rate, L. 'Lovely Girlʼ explants produced both a high number of bulblets per responding explant (3.6) and a high competence (90%). When comparing in vitro and greenhouse bulblet regeneration, Table 1 . Percentage of in vitro bulb scale explants that produced callus, percentage of in vitro explants and greenhouse propagules that produced bulblets, number of bulblets per in vitro explant and greenhouse propagule, and percentage of bulblets from in vitro explants and greenhouse propagated bulb scales of eight Lilium genotypes that sprouted in the greenhouse following cold treatment. the number of bulblets per propagule was greater for all genotypes when bulb scale pieces were cultured in vitro compared to soilless medium in the greenhouse (Table 1) . On average, explants cultured in vitro produced ≈1.7-fold more bulblets per propagule compared to halved bulb scales incubated in the greenhouse (2.9 vs. 1.7, respectively). This is again signifi cant because of the small size (5 × 5 mm) of in vitro explants, which were less than half the size of halved bulb scales used for greenhouse propagation.
Bulblets from all eight genotypes sprouted in the greenhouse following refrigeration at 5 °C in darkness. However, differences in plant development were observed among bulblets derived from the two propagation environments (Table 1) . About 90% of in vitro-derived L. 'Citronellaʼ and L. lancifolium 'Orange Starʼ bulblets sprouted, and just under 80% of bulblets regenerated from L. lancifolium and 'Stonesʼ developed into plants. Fewer than 30% of in vitro-derived bulblets from L. speciosum var. rubrum, L. pumilum, 'Lovely Girlʼ, and 'Stargazerʼ sprouted. Plant development from bulblets propagated from bulb scales incubated in the greenhouse was similar to in vitro sources for L. lancifolium, L. lancifolium 'Orange Starʼ, 'Lovely Girlʼ, and L. speciosum var. rubrum. Plant development was better from in vitro-derived bulblets for three of the taxa tested. Over twice as many L. 'Citronellaʼ and L. 'Stonesʼ in vitro-derived bulblets sprouted compared to greenhouse-derived bulblets, and none of the L. pumilum bulblets originating from the greenhouse sprouted compared to 12% sprouting observed for in vitro-derived bulblets. Sprouting of L. 'Stargazerʼ was better among bulblets derived from greenhouse than in vitro sources.
It is possible that longer incubation on regeneration medium and/or prolonging the cold treatment before transfer to the greenhouse could improve sprouting of bulblets regenerated in vitro from genotypes in which poor stem production was observed. Langens-Gerrits (1997) reported that only in vitro-derived bulblets weighing more than 150 mg produced 
